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(57) [Abstract] 

[Means to Solve the Problems] 

Causing reaction in precursor material due to plasma , 
accumulating reaction product in surface (34), in atmospheric 
pressure with reaction with method o f the coating surface 
finish which causes accumulation, plasma jet (28) occurs due 
to faclthat operating gas passes excitation section (12), 
methodo of coating surface finish which theaforementioned 
precursor material separates and from aforementioned 
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operating gas issupplied to aforementioned plasma jet 



Claims 

y . :/^X-7vx'>K28;28' ;28' ' 

[iS«« 2] 

ffIffi3^5XVvx*vh3&<ffIIBB(lieK«t(12)$«l 
tlfc^lcaiSt tli □ P?g □ gP(36;48)IC. fllE 
BiJlE<**t*4*^3SA^?*i*iS^« 1 Xli 2 ie« 



[Claim(s)] 

Causing reaction in precursor material due to {Claim 1 } 
plasma , accumulating the reaction product in surface (34), in 
almospheric pressure with reaction with method of coating 
surface finish which causes accumulation, 

operating gas, plasma jet (28; 28 '; 28 &apos;&apos; ) occurs 
by passing excitation section (12), 

Aforementioned precursor material, becoming independent 
from aforementioned operating gas, method o of coati ng 
surface finish which is supplied to aforementioned plasma jet 

[Claim 2] 

Aforementioned precursor material which is supplied to 
aforementioned plasma jet, method© of Claim 1 which 
includes element of state of liquid and/or solid 

[Claim 3] 

Aforementioned plasma jet aforementioned excitation section 
(12) after leaving, in outlet opening (36; 48) which is passed, 
method o which is stated in Claim 1 or 2 where 
aforementioned precursor material flows 

[Claim 4] 
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^ ^tlfc^lcSiit ^ tti □ m P a5(48)CDT35 
[il*]S 61 

7] 

(28;28' ;28' ' )*«JIEfl»**X(DiaijBlCcfcorf6 

*$i±>5yX;nissS(i2)^]K/a-r^)/\'t7v><;^ 

fligf*«#4)b<. (it*&^S(32;36. 38. 40)(r cfco 
TfJlH^f^XTvx^vhlctti&^Ftt^ttli^B 
tt±(34)(7)Sgo 

[If *3S 8] 

fltE:^^X-7yX;uA<. ttt-e«aMi::#mtt 
JgK(12)rtlCl3*|||^f6l(z:&L. 

BijfE/X;b^SS(i2)^iiiitT3SH^BiJfBf^S(i 
«rtBa«(18)i:HiIfE/\'!7v>^(DfHlcmE 



Hilta/\'!7v><f(10)7!)^ HtlfB/X;Uli|!^(12)(^ 

T*fIIBfti»*^7.^ia#lalte$-ti:5fci6(D;®# 
lB>'X;u^S&(i2)a)l±iPlcSA$n. 



In aforementioned outlet opening which is formed venturi 
nozzle (36) as, makinguse of venturi effect, method © which 
is stated in Claim 3 where theaforementioned precursor gas is 
supplied 

[Claim 5] 

Aforementioned plasma jet (28 ') aforementioned excitation 
section (12) after leavingjn aforementioned plasma jet of 
downstream of outlet opening (48) which ispassed, method o 
which is stated in Claim 1 or 2 where theaforementioned 
precursor material flows 

[Claim 6] 

Aforementioned precursor material, in aforementioned plasma 
jet which is formed with aforementioned excitation section, 
methodo which is stated in Claim I or 2 which flows with 
domain of downstream of aforementioned excitation section 
(12) 

[Claim 7] 

Passing operating gas, plasma nozzle which possesses 
housing (10) which forms nozzle pathway (12) which it lets 
flow, generates plasma jet (28; 28 28 &apos;&apos; ) with 
excitation of aforementioned operating gas possessing, 

precursor material, equipmento o f coating surface finish (34) 
which is supplied to theaforementioned plasma jet with 
supply means (32; 36, 38 and 40) 

[Claim 8] 

Aforementioned plasma nozzle, with tubular in electrical 
housing of electrical conductivity (10) with,electrode (18) 
with, inside aforementioned nozzle pathway (12) in coaxial 

directionpossessing, 

Passing aforementioned nozzle pathway (12), way 
aforementioned operating gas which flows, excitation it is 
done with electrical discharge whichoccurs with 
aforementioned nozzle pathway, high frequency generator 
(20), aforementioned electrode (18) with between 
aforementioned housing equipmento which isstated in Claim 
7 which voltage imparting is done 

[Claim 9] 

Aforementioned housing (10), inside aforementioned nozzle 
pathway (12) theaforementioned operating gas vortex 
equipmento which is stated in Claim 8 which possesses 
vortex means in order to turn 

[Claim 10] 

In electrical tubular opening (26) of insulating property 
material, is inserted in outlet ofaforementioned nozzle 
pathway (12), 
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(26)(7)43|C«[tiJ^F-&*^>X(32)T*fc*iS«]a 9 

BiItB/X;i.jii^(12)OtHP(7)T3{ECD3^7XTv 
x*:;h(D43|cfi[ai^Fi±*^>X(32)r*fe*lt*« 

7-9 (D^MMztmo^mo 



mFfHyX;u^S&(i2)(DaiP^ff^i«-r'S^>^3. 
gyXjU(36)T*fe-5il*a 7^io (D^Ht^lzU 

umm 13] 

CDt(54)Tfey. 

a>l*jSliX(i*1^fiP(c<4a-r4il*« 7^12 (Diss 

Saffl:VX(52)T*|iltH:^^Xvvx^vh^S^2i 
XvyX;u(iO)(DthP*Bt?lil*:* 7~13 (D{51 

Specification 

[^0^(Di¥«a<^ittB^] 

[0001] 

*f6B^ii. ::^5X^Jcj:yflfrSi**t*4(c5i;BA< 

[0002] 

[fi£*(7)atl5] 

i!t3fc(7)3^^XTffillStj:3^^X-7a^^aSO 



supply apparatus which supplies aforementioned precursor, 
equipmento which isstated in Claim 9 which is a lance (32) 
which is discharged in theaforementioned opening (26) 

[Claim 11] 

Aforementioned supply apparatus which supplies 
aforementioned precursor gas, the equipmento which is 
staled in either of Claim 7-9 which is a lance (32) whichis 
discharged in plasma jet of downstream of outlet of 
theaforementioned nozzle pathway (12) 

[Claim 12] 

Aforementioned supply apparatus which supplies 
aforementioned precursor material, the equipmento which is 
stated in either of Claim 7-10 which is a venturi nozzle (36) 
whichforms outlet of aforementioned nozzle pathway (12) 

[Claim 13] 

Aforementioned supply means which supplies 
aforementioned precursor gas, in electrical which penetrates 
aforementioned plasma nozzle with insulating tube (54), 

opening of aforementioned supply apparatus, equipmento 
which is stated ineither of Claim 7-12 which is in position of 
inside or outside of theaforementioned nozzle pathway (12) 

[Claim 14] 

nozzle (50) for inert gas in order to wrap aforementioned 
plasma jet with gas (52) for protection, equipmento which is 
slated in eitherof Claim 7-13 which surrounds outlet of 
» aforementioned plasma nozzle (1 0) 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention reaction occurring in precursor material due to 
plasma , accumulating reaction product in surface, with 
reaction regards method of coaling surface finish which 
causes accumulation in atmospheric pressure. 

[0002] 

[Prior Art] 

I n case of method of conventional plasma coating and plasma 
polymerization treatment, in order thatvery under pressure 
which vacuum is done, coating it is done the vacuum ^ or at 
least by comparison with atmospheric pressure material 
isaccumulated on work piece. 

Therefore, in order that these method need expensive 
equipment, especially, the coating are done usually, you insert 
work piece, in continuous in the vacuum chamber, it not to be 
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[0003] 

'^y'^l/i/ D.'^T ^ ^ (Braunschweig) \Z&h 
Fraimhofer-lnstitut Schicht und 

OberflichentechnikC^^ 'i? >7t^-"3? t—'-OXt- 

^=Ly^)(\ST)(D RThyren ICcfc-SflJt7tir::^aE 
LA^Uc#:A^b. C<7):^rii(Ccfc4ii:. iO~20[nin/sJCD 

[0004] 
[0005] 



possible , batch system must be introducedinto substituting, 
because, therefore many practical applications are made 
unrealizable in economical. 

Therefore, in regard to coating of product which relatively 
inexpensive mass production isdone, it possesses benefit 
where method of plasma coating or plasma polymerization 
coating is known, selectively it is possible with profile where 
especially correct constitution and peculiar are decided to 
form very thin layer,and also, accomplishment possible 
method is desired under the atmospheric pressure. 

[0003] 

[Problems to be Solved by the Invention] 

Because of this objective, method which forms plasma under 
atmospheric pressure with corona discharge was proposed 
with R.Thyren of Fraunhofer-Institut Schicht und 
Oberflichentechnik('7^'>'> Ho fur -yne to X T. -xil jp7 
shy tow > jp7 o bell free > technique ) (1ST ) which is 
brown Xu ^T-f ^ (Brauns chweig ) in publication "plasma 
polymerization under atmospheric pressure 

corona discharge, occurs counterelectrode which is arranged 

in rearward direction of the working electrode and work piece 
which possess dielectric as discharge baria and, in between. 

precursor material of gaseous is supplied to discharge gap 
between working electrode and work piece by generally 
known gas shower . 

But, only common coating formation speed of level of 10 - 20 
[nm/s ] it can acquirewith this method . 

Further deficiency working electrode and is that plasma is 
formed to onlydischarge section whose work piece or 
counterelectrode between is ver>'narrow. 

As result, working electrode must be moved work piece 
nearby, therefore, itis necessary to become manufacturing 
condition where distance between working electrode and 
work piece is important, often posture of electrode, vis-a-vis 
the geometric array of especially work piece to conform 
relatively. 

[0004] 

Method of above-mentioned type which accomplishes 
objective of this invention, easily, makes controllable coating 
fonnation possible easily in effective. And it is to offer 
suitable equipment in order to accomplish this method. 

[0005] 

[Means to Solve the Problems] 

This objective is achieved by distinct feature which is 
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[0006] 

MIBt**ti^(precursor material)A<ftl(i:tf 
[0007] 

^mxm\t^^\zmmhi>:itii^-sim 
u<fL^(Dr^ 7— i7e-x^<fcy)i<LTtfi<& 

-So 

Z<D^m(Otzlf>lZ.K^<Zt\Z.]0 lik±<J)mm 

iz^ox. :K%ET(D-:fyX^\zMW^mfS. 

thxi^fz^mmmim^mi^mm^fs.m 

mm^i^&if&noysimizis^mLx. mm^ 
m^&!!^Lw,i^^'jizpmti>ztt<-simid:m 

ZO):^7X■7i;I•yhfl)^gl,^S)SI*.200 deg C 

^mm{i^^nizf^^mz^mii±i>mtt^^ 



acquired in the Claim which becomes independent. 
[0006] 

Concerning method of this invention, operating gas plasma jet 
is formed the excitation section is passed by , precursor 
material (precursor material ) becomes independent from the 
operating gas and is supplied to plasma jet. 

[0007] 

Following to this invention, as for plasma in atmospheric 
pressure, in order that plasma jet, coating is done by fact 
which is a morphological form of jet which possesses range 
which is very larger than discharge section of corona 
discharge, rubbing surfece of substrate, sort, as for the coating 
step it is accomplished it is possible easily . 

Because with this objective, counterelectrode of rearward 
direction of substrate is notneeded, to be good making work 
piece thicker as and/or complex form it is good. 

precursor material to be supplied, becoming Independent from 
operating gas, becauseit is supplied in plasma jet which 
occurs only in excitation section, precursor material itself 
entirety of excitation section does not have necessity to cross. 

As for this, precursor material which consists of monomer 
powder generally is notdisassembled, or, it is an important 
benefit which otherwise in the chemical does not change with 
excitation section. 

Therefore, accumulates coating like polymer on surface of the 
substrate for desirable reaction, quantity o f counterpart of 
useable reaction it is very many by comparison with case of 
conventional method. 

Fast coating formation speed where because of this effect, in 
being surprised,with factor of 1 0 or more, it exceeds coating 
velocity which is achieveduntil recently by plasma under 
atmospheric pressure is achieved becomes possible. 

Pertaining to surface of excitation section and substrate, as for 
selectionof position where precursor material is supplied, 
coating formation process in order to beeasy to react, is 
controlled is suitable to possible manufacturing condition. 

precursor material which is easy to react, is supplied to 
plasma jet where the downstream is cool relatively from 
excitation section is possible . 

temperature where this plasma jet is low gives capacity which 
coating isdone to effective in precursor material which is 
stabilized with only 200 deg C or to temperature of less than 
that. 

excitation energy which is needed for reaction where 
monomer isdesirable is offered mainly, free electron^ ion 
which in cool plasma jet in the large scale is contained or by 
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mmwmmm<Dtzif)(DiiLm.^mi&s.m0 
m&oxmt. tmui>s.i^x\ h^tzttxt 

[0008] 



[0009] 



[0010] 



free radical . 

ioPv free radical or other density which promotes extent and 
reaction which move position which supplies precursor 
material to upstream due to directionof excitation section 
becomes higher. 

position for supplying precursor material even with when it 
moved to domain of downstream of excitation section, direct 
excitation of monomer is possible in predetermined range. 

Regarding to this method, optimization it does according to 
individual precursor material which excited state, is used it is 
possible . 

Generally, benefit of method of this invention assuming that 
with the section where stepo of plasma excitation of 
precursor material of stepo other of onone hand plasma 
generation differs, it was with just section which overlap 
isdone, is point which occurs in partially spatial. 

As result, effect which becomes damage mutually is evaded 
becomes possible. 

[0008] 

beneficial development of this invention occurs from 
subordination section. 

[0009] 

As for pretreatment material charge, as for necessity to be 
supplied with the state of gas it is not always, in substituting, 
also it ispossible to be supplied with state of liquid or solids 

powder. 

As result, only in reaction section, it evaporates, sublimation 
is done. 

Furthermore, small piece of solid like dye or pigment in 
precursor material isadded, being possible , in order for that to 
bury polymer layer,you surround closely, accumulate in 
substrate surface. 

Regarding to this method, color of coating, in order to be 
needed,adjusts roughness or electrical conduction 
characteristic, is possible . 

[0010] 

In order to supply precursor material in plasma jet, also it is 
possible to use venturi effect as means which absorbs 
precursor material in plasma jet. 

On one hand, when precursor material is supplied actively, 
extent of mixtureof precursor material of plasma jet, with 
position where precursor material is suppliedto plasma jet, 
selectively is influenced with selection of angle. 
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[0011] 
[0012] 

mmt'ztmmx'M. i<r>mmtLx. s 
jtmrnt. iS7.(j>mB.Siz^r>xmm<D^^ti^ 

[0013] 

1/ /X I i 3^" 7 X -7 y X ; KD Bfl □ SI5 <D in 9» ( - J; y 
[0014] 

3f7X7vx«vh^^jtt-&fcAftir. fte 

(D S fl<ia)fc«6(0K-f 'VSdiSlDE19532412C2 |C 

li-?-tilil±<©-t(7)J;5'Ji:/XJi/^liiL^Lrifi]e 
fSm 986993 ^^^)„ 

$blC. :^7XVvx-vhA<lElfeS!llCJtLT^Jt 

*t.oTiSliit^«k7'Eflife>'X;u^fi!ffl-r^:i 

<!:A<nrfln?fc-5(K'ru/aap DE-u-29911974 

[0015] 

^(Dm^jiyX)\.X'zfyX^in±titzit)iz. 3 

^^ummtim^tiT-^^tkMomi^is (b) 

i!)}^m\zm'pti'izm^&tmi^6^tiizf=yx^ 
ummzM^m^ni;>hi>^^^m. iz:kw 

[0016] 



[0011] 

Corresponding to that, in case o f plasma jet o f coil, precursor 
material same direction as coil, or, is supplied to 
oppositedtrection. 

[0012] 

When it is necessary to occur reaction whose pretreatment 

material charge isdesirable in vacuum or inert atmosphere, 
with gas for appropriateprotection plasma jet is surrounded 
from outside, being possible, reaction section with protective 
layer of gas is separated from the air of periphery as result. 

[0013] 

When temperature which is peculiar for desirable reaction is 

needed,achieves this temperature, is possible with for 
example operating gas with heating opening of and/or plasma 
nozzle. 

10014] 

In order to form plasma jet, plasma nozzle which resembles to 
Germany application DEI 95324 12C2 for for example other 
objective is used is possible. 

Because of surface finish of a larger coating, eccentricity 
doing that kind of nozzle of one or a plurality, it arranges it is 
possible in rotary head, (European Patent communique No. 98 
6993 disclosure ). 

Furthermore, plasma jet uses rotary nozzle which jet is doneis 
possible with angle vis-a-vis rotating shaft, (Germany 
application DE-U-29911974 number). 

[0015] 

In order to generate plasma with kind of nozzle, 3 domain., 
namely(a ) direct plasma excitation occur, domain ^ of arc 
discharge where strong excitation exists notonly desUruction 
of monomer as result (b ) there is notdestruction of most 
monomer relation, It roughly classifies to mixing area^ 
which is characterized leniently bydestruction and strong 
e.xcitation of trace of indirect plasma excitation domain, (c ) 
monomer which excitation is done in effective it is possible . 

[0016] 

[Embodiment of the Invention] 

Below, you detail concerning Working Example of based on 
the drawing, this invention. 

At this point. 
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[a 4 li. ^ 3 mmimo:f'yX^yX)\.(!>m^ 
la 5 (±. m 4 wmmo>zf=yX-^jX)\.(Dmm 

[0017] 

^%m<r)^mii7.t^.jX)i^mi 12 (D±jsai 

X;ujggSi2*jiiit*o 

[0018] 

^WimzJX)^^^ 12 (csu:>5e>tt(7)« 
M 18 16 lcigit^>*tTfcy^ 

1^ 18 (*. ^liJKSS^SI 20 iCctoT^i^ti 



[0019] 

>^ 10 tom-an^tho 

16 <tmS 18 t[Zz:\Ui-imt^±Ci>. 



zo^n±1l5Lm\zM.W& 18 t^h/\'^V^y<f 



Figure 1 is sectional view of plasma nozzle in order to 
accomplish first embodiment of method of this invention. 

Figure 2 is sectional view of plasma nozzle of second 
embodiment. 

As for Figure 3, it is a sectional view of head of plasma 
nozzle of Figure 2 in right angle plane for Figure 2. 

Figure 4 is sectional view of head of plasma nozzle of third 
embodiment. 

Figure 5 is sectional view of plasma nozzle of 4 th 
embodiment. 

[0017] 

As shown in Figure 1, it possesses tubular housing 1 0 which 
forms nozzle pathway 1 2 where plasma nozzle with bottom 
end becomes point in cone andextends. 

In electrical ceramic tube 14 which insulating is done is 
inserted in the nozzle pathway 12. 

air or other operating gas, is supplied by upper end of nozzle 
pathway 12, makes spiral by spiral equipment 16 which is 
inserted in ceramic tube 14. 

As symbolic conversion done with arrow of helical shape as 
result, in thefigure, operating gas winding eddy, nozzle 
pathway 12 is passed. 

core of vortex is formed by nozzle pathway 12, extends 
alongside theaxis of housing. 

[0018] 

electrode 18 of pin shape which extends to nozzle pathway 12 
in coaxial direction,is provided in spiral equipment 16, this 
said electrode 1 8 is connected to direct current voltage of the 
high frequency which occurs with high frequency generator 
20. 

voltage which occurs by high frequency generator 20 , with 
level of several [kV ], has frequency of level of for example 
20 [KHz J. 

[0019] 

housing 10 which consists of metal is done, footprint 
functions as counterelectrode. 

As result, electricity discharge, occurs between electrode 18 
and the housing 10 . 

When voltage is done imparting, in spiral equipment 16 and 
electrode 18 corona discharge occurs first, due to high 
frequency of direct current voltage and dielectric property of 
the ceramic tube 14. 

Due to this corona discharge , arc discharge to housing 1 0 
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[0020] 
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[0021] 

C03f7X7yX;K4. S*f 34 (DT^^XVttlS 
XI4^5XTM^(Dfcy)lcfiJffl$tL'S)„ 

C(DiM<DfcA(c,fligt*:4ti|!4A^ PgU 26 (D 

i*iffli|fl)^c|'L,fc::^7Xvi;x«ynz, ^^T^ 

32(lance)lCj:yfl^|&$tL-6. 
[0022] 

m I ic^$^x^:^^x-7/x;n4.i5i$K$iii^i6] 

l=«i!8^i::^7Xvi?i>vh 28 i%±ti>o 

-■fj. m 2 RUM 3 IZTFtZf'jX^yXMt. 
¥b4-m}K^^^fCl£*^4:^7Xvi;i«yh 28' $16 

j\'^iy:y<f 10 (Dggpa5lcfcL^r. dcidtrig 



occurs from electrode 18. 

branch does in radial facing toward wail of housing the arc 
extends to linear for most part from end part of the electrode 
18 alongside axis of housing arc 22 of this discharge iscarried 
by flow of operating gas of spiral, is carried core of vortex of 
flow of gas, as result, only in domain of opening of housing 
10. 

As shown in Working Example, as for housing 1 0, protruding 
part 24 to be formed by the end of taper of nozzle pathway 1 2, 
in radiating wires overhang to do the this said protruding part 
24, in inside direction, to form in fact counterelectrode, this 
said protruding part, topick up branch of arc 22 which branch 
is done in radial. 

With that, this said branch, turns to vortex direction of gas, 
non-balance of protruding part 24 evades wear as result. 

[0020] 

As for ceramic opening 26 of cylinder, end of inside of axial 
rotation with same height as protruding part 24, is surrounded 
directly by this protruding part , length is larger than diameter 
of inside clearly, isinserted in opening of housing 10. 

plasma which occurs by arc 22 passes opening 26 in 
spiral,following to flow due to thermal expansion , through 
opening .26,accelerates, spreads to radiating wires. 

As result, plasma jet 28 of fan shape which spreads very 
widely isacquired. 

This plasma jet 28, passing open end 30 of opening 26, 
several [cm ] spreading, tumssimultaneousiy to spiral. 

[0021] 

This plasma nozzle is utilized plasma coating of substrate 34 
or because of plasma polymerization. 

Because of this objective, precursor material, is supplied to 
plasma jet which the inside of opening 26 concentrates, by 
lance 32 (lance ). 

[0022] 

plasma nozzle which is shown in Figure 1 coiitrast generates 
plasma jet 28 in rotating shaft direction. 

plasma nozzle which on one hand, is shown in Figure 2 and 
Figure 3 generates pilasma jet 28' which spreads to flat fan 

shape. 

In opening of housing 10, here, opening 2 6&apos; which 
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[0024] 

n 4 1*. [s]|£:^i6iizMP.w-c. tkSiWiaL^:^=K 
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forms venturi nozzle 36 forsupplying with self absorption of 
precursor material is inserted. 

precursor material, passing part 38 for connection, arrives first 
in the annular chamber 40 of outside periphery of opening 2 
6&apos;, and, passes through hole of one or a plurality easily 
from there, arrives iriside venturi nozzle 36. 

Therefore, as for position where precursor material is 
supplied, plasma jet 28' occurs, is formed with nozzle 
pathway 12 , position is done in downstream end section of 
excitation section which arc 22 penetrates. 

[0023] 

In this example, venturi nozzle 36, discharges into horizontal 
direction pathway 42. 

both ends of this horizontal direction pathway 42 furthermore 
is opened in annular pathway 44. 

this said annular pathway 44 is formed to periphery of 
opening 2 6&apos;. 

And, it extends to diameter direction of opening, it opened 
itpasses narrow groove 46 facing toward end surface of 
opening. 

It arrives in venturi nozzle 36, plasma which precursor gas is 
mixed isdistributed with horizontal direction pathway 42, 
spreading to fan shape and via groove 46,comes out. 

Regarding to this method, here it does uniform coating in 
surface part of the stripe of unshown substrate, it becomes 
possible. 

[0024] 

Figure 4 with contrastive, has illustrated open domain of 
plasma nozzle where plasma jet 28 &apos;&apos; of 
relatively sharp bundle occurs in rotation direction. 

In order to achieve this objective, opening 2 6&apos;' forms 
nozzle opening 48 of round shape of miniature relatively. 

precursor material, through lance 32 is supplied even here. 

But, in this case, precursor material is discharged in plasma 
jet 28 &apos;&apos; of downstream from nozzle opening 
section 48. 

This method which supplies precursor material when carbon 
which is tendency where for example precursor material 
forms deposit of electrical conductivity in electrical or 
substance other than that is contained, is effective. 
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When that kind of precursor gas it is supplied to upstream of 
opening of opening or plasma nozzle, it brings backflow to 
internal of nozzle pathway 1 2 of plasma nozzle, forms 
conducting layer on s urface of ceramic tube 14, there is alsoa 
electrode 1 8 and a possibility which leads shunting between 
housing 10 with that. 

This hazard is evaded with arrangement which is shown in 
Figure 4. 

[0025] 

Furthermore, Figure 4 illustrates method of deformation 
whichcovers plasma jet 28 with inert gas 52 with nozzle 50 
for gas supply whichsurrounds nozzle opening section 48 on 
concentric. 

[0026] 

Use of nitrogen as inert gas and operating gas prevents 
oxidation of the reaction product and/or reaction product of 
precursor material, it is possible . 

[0027] 

Figure 5 illustrates deformation where precursor material is 
supplied by insulating tube 5 4 which passes inside of housing 
10 and. electrode 18. 

With complete contrast characteristic, as for this arrangement, 
uniform distribution of the precursor material in plasma jet 28 
&apos;&apos; is achieved. 

Furthermore, this embodiment, furthermore it puts out tube 5 
4 beforeaccording to material and processing state, or pulls 
ailerwards,position where precursor material is supplied it 
offers effective possibiHty whichchanges. 

Especially, when it pulls fi-om tube 5 4 to rear, precursor 
material issupplied even inside third step of downstream 
direction of nozzle pathway 12. 

Because operating gas which advances to spiral plasma jet 28 
&apos;&apos; generates the periphery of tube 5 4 it contacts 
arc 22 due to , with the downstream domain of nozzle 
pathway 12 there is also a possibility where plasma jet 
alreadyexists, as result, in this case, precursor material is 
supplied inside the plasma jet. 

But, in case of embodiment of this method, for restricting 
plasma inside open domain of nozzle, precursor material is 
exposed to high temperature of certain extent generally. 

Under similar environment, it is disassembled also just 
portion of precursor material and witli arc 22 by direct 
contact. 

But, because with this method, high excitation energy 
effective use is done for the constituent which has precursor 
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material, this means with to bring positively goodeffect. 
[0028] 

Effect which resembles with fact where vortex of treated 
amount and/or operating gas increases with plasma nozzle 
which is shown in Figure 2, is achieved. 

As result, to penetrate branch of arc 22 which branch isdone, 
deeplj' in wall of housing 10 or opening 2 6&apos; due to 
venturi nozzle 36 ,and in optional in loop shape of outside of 
nozzle opening section "You are blown ". 

As result, it increases and/or decreases portion where 
precursor gas which is supplied contacts arc. 

[0029] 

At time of above-mentioned explaining, possibility of 
arrangement of plural of plasma nozzle and feed system 
whose also it is possible toconnect with other method, was 
illustrated with example of 4. 

nozzle opening section of round shape of for example Figure 
1 , Figure 4 or Figure 5, it is good constituting,as venturi 
nozzle which resembles to venturi nozzle 36 of Figure 2 in 
order toabsorb precursor gas using it is good. 

When in opposite direction, fish tail condition nozzle of the 
Figure 2 is used, precursor material from opening 2 6&apos; 
is good being supplied by the plasma jet 28' or nozzle 
pathway 12 to downstream. 

As shown in Figure 4, with inert gas 52 handling of outside of 
the plasma jet regarding other example actualizing is possible. 

[0030] 

At time of experimenting laboratory, as precursor gas, 
hexamethyl dicyclo ^ sun, tetraethoxysilane or propane was 
used, coating formation speed of 300 - 400 [nm/s ]acquired 
with method of this invention. 

coating had deposited well in substrate, possessed resistance 
for the solvent. 

[0031] 

Lastly, before substrate is treated with plasma jet, for example 
precursor material, or issupplied by electrostatic on surface of 
doctor blade or substrate with the aerosol or ultrasound , with 
vapor deposition , with spray , by revolution.with substrate 
also method of deformation which supplies the precursor 
material to plasma jet is thought. 

[Brief Explanation of the Drawing(s)] 
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[Figure I] 

Figure 1 is sectional view of plasma nozzle in order to 
accomplish first embodiment of method of this invention. 

[Figure 2] 

Figure 2 is sectional view of plasma nozzle of second 
embodiment. 

[Figure 3] 

As for Figure 3, it is a sectional view of head of plasma 
nozzle of Figure 2 in right angle plane for Figure 2. 

[Figure 4] 

Figure 4 is sectional view of head of plasma nozzle of th ird 
embodiment 

[Figure 5] 

Figure 5 is sectional view of plasma nozzle of 4 th 
embodiment. 

[Figure 1] 
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